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Lewis Acid-Catalyzed Intramolecular Cycloaddition

Reactions of Sulfonylallene-ene Compounds

Shoko WaranaBg, Hideaki Kacava, and Kunio Hirot

(Received November 22, 2003)

Lewis acid-catalyzed intramolecular cycloaddition reactions of sulfonylallene-ene
compounds were accomplished. The reaction proceeded with the assistance of TiCls at room
tempature to give [2+2]cycloaddition products in good-high yields and ene products at

lower reaction temperature.
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Table 1. TiCls-Catalyzed Intramolecular [2+2] Cycloaddition Reactions of 4a, b®
Entry Substrate Solvent Yield (%) of 5a, b
1 4a CHzClz 75
2 4a CHCIs 67
3 4a Toluene 77
4 4a Benzene 75
5 4b CH:Cl2 90
6 4b CHCls 67
7 4b Toluene 84
8 4b Benzene 88

a) The reactions of 4a, b were carried out at room temperature for 1 h in the presence of TiCls (1.5 equiv.).
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Table 2. Effects of Amount of Catalyst and Reaction Temperature in TiCls-Catalyzed Intramolecular
Cycloaddition Reactions of 4b®

Entry  TiCli (equiv.) Temp (C) Solvent Time (h)  Yield (%)® of5b  Yield (%) ® of 6b
1 1.5 r.t. CHzClz 1 90 -
2 1.5 r.t. Benzene 1 88 -
3 1.5 0 Benzene 2 81 11
4 15 -40 Benzene 4 78 10
5 0.4 r.t. CHzCl2 13 75 -
6 0.2 r.t. CHzCl2 13 49 -
7 0.2 r.t. CH:Clz 40 64 -

a) The reactions of 4b were carried out in the presence of TiCls (0.2 ~ 1.5 equiv.) atr.t. ~-40 C.
b) The yields of 5b and 6b were determined by 'H-NMR spectral analysis.
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8Methyl-7-nonen-1-yn-3-0l (2a)

26ml O 2FHAJE 7 F XA 21T 6-methyl-5-
heptenal (1a) (210mg, 1.66mmol) ZFEYELY,
7T EHE THE (5ml) %% 5. ZhiZ,
0 CiZT 0.5M ethynylmagnesium bromide
(5.00ml, 2.50mmol) %iE T L, 30 5#H#T 5.
Z0#, FRICHEERL, 16 BHEHET L. Ko
BT#, RIG# % ether TAM L, #F1 NH4Cl
KREW, Ffl NaCl KB THEEL, HEEZ
K Na2SO4 T B, BELBEBRET 5.
Bon-HAERYE > U H V%R HW flash
column chromatography (ether-hexane 1:5) T
SRS A & 2a (156mg, IR 64%) %155.
Ak DEAMEHC & V) 5,5,8-trimethyl-7-nonen-1-
yn-3-ol (2b) (YUFE 77%) %1% 5.
2a: IR (NaCl) cm™: 3832 (OH), 3306 (acetylene).
IH-NMR (270MHz) (CDCls) &: 1.47-1.56 (2H,
m, CH2CH:CHz), 1.60 (3H s, CH=(CHs)z, 1.69
(3H, CH=(CHs)z), 1.67 (2H, m, CH.CH (OH)),
2.03 (2H, q, J = 7.25Hz, CH:CH = C(CHs)2),
2.37 (1H, brs, OH), 2.46 (1H, d, J = 2.14Hz, C
= CH), 4.37 (1H, t, J = 4.95Hz, CH(OH)),
5.11 (1H,tt,J = 1.32, 7.25Hz, CH=(CH3)z). 3C-
NMR (400MHz) (CDCls) ¢: 17.7, 25.3, 25.7,
27.5,37.2, 62.2, 72.8, 85.1, 124.2, 131.9. MS m/z:
152 (Mr).
(Caled for C10H160 152.1209).
2b : IR (NaCl) cm-!: 3380 (OH), 3304
(acetylene). 'H-NMR (270MHz) (CDCls) ¢&:
0.96 (6H,s, CHs X 2), 1.60 (3H, s, CH=(CHs)z),
1.72 (3H, s, CH=(CHs)2), 1.70 (2H, d, J =
6.27Hz CH:CH(OH) ), 1.83 (1H, brs, OH), 1.97
(2H, d, J = 7.58Hz, CH:CH=C (CHs)z2), 2.47 (1H,
d,J =2.14Hz, C = CH), 4.48 (1H,t,J = 5.01Hz,
CH(OH)), 5.11 (1H, tt, J = 1.33, 7.25Hz, CH=
(CHs)2). *C-NMR (400MHz) (CDCls) ¢: 154,
15.9, 17.1, 24.8., 27.7, 29.5, 38.4, 67.2, 73.1, 84.3,
124.4, 132.7. MS m/z: 180 (M*). Exact mass

Exact mass determination: 152.12010
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determination: 180.15030 (Caled for CizHz200
180.2900) .

1-Ethynyl-6-methyl-5-heptenyl p-Toluenesulfinate
(3a)

50ml O 2 MK 7 7 X 2i2 2a (392mg,
2.68mmol) ZFEYHLY, 7V T EHatk pyridine
(8ml) %Mz, 0CT T 4-methyl-benzenesulfinyl
chloride (618mg, 3.48mmol) @ pyridine (8ml)
BHREHT L, BRICHRLAH% 15 RFEHEET
5. RIe#T#H, RIGW % ether THRL,
10%HC1 K&, #aF NaHCOs KIEK, fafl
NaCl /K& THEE L, ether J& % #EK Na2:SO4 T
R, WERETBIEEET LS. BoNHAERK
WE ) ANV %E B W7 flash culomn
chromatography (ether-hexane 1:5) T4 EEAgHL
$5%L 3a (473mg, WK 62%) 2155, MO
BAEEIC X D 1-ethynyl-3,3,6-trimethyl-5-heptenyl
p-toluenesulfinate (8b) (INFE 92%) %715 5.
3a: IR (NaCl) cm: 3292 (acetylene), 3245
(acetylene), 1597 (aromatic), 1136 (SO),
843 (SO). 'H-NMR (270MHz) (CDCls) ¢:
1.47-1.56 (2H, m, CH2CH=CHz), 1.61 (3H, s,
CH=(CHs)2), 1.71 (8H, s, CH=(CHs)z2), 1.68-
1.87 (2H, m, CH:CH(OSOCeH«CHs)), 2.05 (2H,
q, J = 7.25Hz, CH2.CH=(CHs)2), 2.42, 2.69 (1H,
d,J = 2.14Hz, C = CH), 2.42 (3H, s, CéHsCHs),
5.12 (1H, dt, J = 2.14, 6.43Hz, CH=C (CHs)2),
5.23 (1H, dt, J = 7.25, 22.42Hz, CHC = CH),
7.33 (2H, d, J = 7.91Hz, aromatic), 7.79 (2H, d,
J = 8.24Hz, aromatic). 3C-NMR (400MHz)
(CDCls) &:16.4, 22.5, 27.1, 31.9, 44.4, 64.5,
65.9, 82.7, 122.4, 124.8, 124.9, 129.4, 129.6, 133.6,
142.4, 141.9 MS m/z: 290 (M*).
determination: 290.12900 (Calcd for Ci0H160
290.1300).
3b : IR (NaCl) cm: 3297 (acetylene), 3248
(acetylene), 1597 (aromatic), 1136 (SO), 843
(SO). 'H-NMR (270MHz) (CDCls) &: 0.92
(3H, d, J = 2.97Hz, CHs), 0.94 (3H, s, CHa),
1.58 (3H, s, CH=(CHs)z2), 1.71 (8H, d, J =
6.76Hz, J = 5.44Hz, CH=(CHs)2), 1.79-1.89 (2H,

Exact mass

m, CH:CH (OSOCsHsCHs)), 1.90-1.96 (2H, m,
CH:CH=(CHs)2), 2.42,2.69 (1H,d,J =2.14Hz, C
= CH), 2.41 (3H, s, CsHsCHs), 5.12 (1H, dt, J
= 2.14, 6.43Hz, CH=C(CHs)2), 5.09-5.28 (1H, m,
CHC = CH), 7.33 (2H, m, aromatic), 7.65 (2H,
d, J = 8.08Hz, aromatic). *C-NMR (400MHz)
(CDCs) 6:17.9, 21.5, 26.1, 27.1, 27.2, 33.9, 34.0,
40.8, 47.3, 48.1, 65.7, 75.9, 120.4, 125.0, 125.2,
129.5, 129.6, 133.5, 142.5, 142.9 MS m/z: 318 (M-).
Exact mass determination: 318.16530 (Calcd for
Ci9H2602S 318.1684) .
8-Methyl-1-p-toluenesulfonyl-nona-1,2,7-triene
(4a)

50ml ® 1 FEAMK 7 T A 212 3a (473mg,
1.63mmol) & calcium carbonate (282mg,
2.82mmol) *FED ALY, toluene (10ml) %N
Z, 110 'CT 22 BRI MEBER § 5. RITH T,
B# % ether THRL, WAL, B RE
BETLH. BonHERME ) I XrVEH
V2 7z flash column chromatography (AcOEt-
hexane 1:10) THBEEMEH T 5 & 4a (314mg, IX
H6T%) 135, FEROBIEEICLY 5,5,8-
trimethyl-1-p-toluenesulfonylnona-1,2,7-triene
(4b) (I 88%) %155.
4a : IR (NaCl) cm'!: 1954 (allene), 1597
(aromatic), 1321 (SO2), 1148 (SO2). 'H-NMR
(270MHz) (CDCls) ¢&:1.38-1.46 (2H, m,
CH2CH:=CH2); 1.58 (3H, S, CH=(CHs)z2), 1.68
(8H, s, CH=(CHs)2), 1.95-2.03 (2H, q,J = 7.25Hz,
CH2CH=(CHs)2), 2.06-2.15 (2H, dq, J = 2.97,
6.92Hz, CH2C=C=C), 2.43 (3H, s, CéHsCHs),
5.04 (1H,tt,J = 1.32, 7.25Hz, CH=C(CHs)2), 5.83
(1H, dt, J = 5.94, 6.92Hz, CH:CH=C=C), 6.18
(1H, dt, J = 2.97, 5.94Hz, CH:CH=C=CH), 7.33
(2H, d, J = 7.91Hz, aromatic), 7.79 (2H, d, J =
8.24Hz, aromatic). *C-NMR (400MHz) (CDCls)
0:17.7, 21.6, 26.7, 27.2, 27.3, 28.5, 101.1, 101.4,
123.6, 127.7, 129.7, 132.2, 144.3, 205.5. MS m/z:
290 (M*). Exact mass determination: 290.12700
(Caled for CioHi60 290.1300) .
4b : IR (NaCl) cm!: 1954 (allene), 1597
(aromatic), 1323 (SOz), 1148 (SOz). 'H-NMR
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(270MHz) (CDCls) &:0.88 (6H, s, CHs X 2),
1.59 (3H, s, CH=(CHs)2), 1.71 (3H,s, CH=(CHa)z),
1.86-1.91 (2H, m, CHzCH=(CHs)z), 2.10-2.05
(2H, m, CH2C=C=C), 2.43 (3H, s, CsH4CH3),
5.16 (1H, tt, J = 1.21, 7.25Hz, CH=C(CHs)2),
5.80 (1H, dt, J = 5.96, 8.41Hz, CH:CH=C=C),
6.16 (1H, dt, J = 2.31, 5.94Hz, CH:CH=C=CH)
7.33 (2H, d, J = 7.91Hz, aromatic), 7.79 (2H, d,
J = 8.41Hz, aromatic). '*C-NMR (400MHz)
(CDCls) 6:17.9,21.6,26.1,26.5, 35.0, 39.9, 40.2,
9'_7.8, 100.1, 127.6, 128.4, 129.5, 129.8, 133.6,
138.8, 144.3, 205.9. MS m/z: 318 (M*).
mass determination: 318.16530 (Calcd for
C1sHz2602S 318.1700) .
4a # AV TiCk IC & 29 FRIRIEFMRIED
— iRV RIEE

REREZ 4a (29.0mg, 0.1lmmol) #FEHELD,
70V IERE, dichloromethane (CH:zClz)
(1.0ml) Mz, TVIVERHRT, 1.0M D
titanium tetrachloride (TiCls) (0.15ml,
0.15mmol) HWAHETL, 1REEETSL. X
O T #, RIS % chloroform (CHCls) T
L 10%NaOH K&, #3H NaHCOs K,
fafl NaCl KB Cik#H L, CHCls & = #EK
Na:SO: T IRM%, BHELBEHEETS. Boh
72HAERYE ) BV E iz preparative
TLC (AcOEt-Hexane 1:8) TH R T 5 & 7-
(p-toluenesulfonylmethylene)-6,6-
dimethylbicyclo[3.1.1]heptane (5a) (22mg, X
ET5%) k5. FEROBRERICIY 7-(p-
toluenesulfonylmethylene)-3,3,6,6-
tetramethylbicyclo[3.1.1]heptane (5b) (=K
88%) K& U 1-p-toluenesulfonyl-6-isopropenyl-
3,3-dimethylcyclohexene (6b) (U 11%) %
B/5.
5a: IR (NaCl) cm: 1597 (aromatic), 1321
(802), 1148 (SOz). 'H-NMR (270MHz)
(CDCls) ¢:0.92 (3H, d,J = 5.44Hz, CHs), 0.95
(8H, d, J = 5.44Hz, CHs), 1.51-1.84 (6H, m,
(CHz) X 3), 2.43 (3H, s, CsH«CHs), 2.49-2.56
(1H, m, CH), 2.64-2.71 (1H, m, CH), 6.13
(1H, dt, J = 3.30, 4.27Hz, C=CH), 7.33 (2H,d,J

Exact

= 7.91Hz, aromatic), 7.79 (2H, d, J = 8.24Hz
aromatic). 3C-NMR (400MHz) (CDCls) §:
21.6,27.9,29.1, 31.5, 39.6, 41.9, 48.1, 49.7, 101.3,
117.9, 127.5, 129.7, 139.1, 144.0, 200.7. MS m/z:
290 (M*). Exact mass determination: 290.13100
(Caled for CioHis0 290.4200) .

5b : IR (NaCl) cm'': 1597 (aromatic), 1323
(SOz), 1147 (SOz2). 'H-NMR (270MHz)
(CDCls) 6:0.92 (6H, d,J = 6.27Hz, CHs), 0.98
(6H, d, J = 8.74Hz, CHs), 1.48-1.77 (6H, m,
(CHz2) X 3), 1.87-1.93 (1H, m, CH), 2.02-2.06
(1H, m, CH), 2.43 (3H, s, CeHsCHs), 6.14 (1H,
dt, J = 2.31, 4.29Hz, C=CH), 7.33 (2H, d, J =
8.57Hz, aromatic), 7.77 (2H, d, J = 8.41Hz
aromatic). *C-NMR (400MHz) (CDCls) &:
18.7, 21.0, 21.6, 27.0, 28.4, 31.2, 39.1, 42.2, 46.9,
49.7, 101.3, 117.9, 127.5, 129.7, 144.0, 199.6. MS
m/z: 318 (M*). Exact mass determination:
318.16820 (Caled for CioH160 318.1700).

6b : IR (NaCl) cm™: 1597 (aromatic), 1323
(SO2), 1147 (SO2). 'H-NMR (270MHz)
(CDCls) 6:0.88 (3H, d, J = 8.74Hz, CHs), 0.92
(3H, d, J = 5.77Hz, CHs), 1.23-1.40 (4H, m,
(CHz) X 2), 1.53 (3H, s, CHsC=C), 2.43 (3H,
s, CeHsCHs), 3.59, 3.90 (2H, d, J = 13.85Hz
CH2S02), 3.95 (1H,t, J = 2.47Hz, CH:CHC=C),
4.73 (1H, s, C=CHz), 4.85 (1H, s, C=CHz),
5.56-5.568 (1H, m, C=CH), 7.33 (2H, d, 6.48Hz,
aromatic), 7.85 (2H, d, J = 8.41Hz aromatic).
MS.m/z: 318 (M*). Exact mass determination:
318.16820 (Calcd for CioH1s0 318.1700).
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